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(54) BIAXIALLY-ORIENTED POLYPROPYLENE FILM

(57) Provided is a biaxially oriented polypropylene
film that has high stiffness and can easily retain a bag
shape when made into a packaging bag even if made
thinner, and at the same time, that can maintain water
vapor barrier properties even if made thinner, and has
few wrinkles in and around the sealed portion when
heat-sealed to make a packaging bag. The biaxially ori-
ented polypropylene film satisfies the following (1), (2),

and (3): (1) the heat shrinkage ratio at 150°C is 10% or
lower in the longitudinal direction and 30% or lower in
the width direction; (2) the tensile elastic modulus at 23°C
in the width direction is 6.0 GPa or more; (3) the heat
shrinkage ratio (%) at 150°C and the tensile elastic mod-
ulus (GPa) at 23°C in the width direction satisfy the fol-
lowing formula. Tensile elastic modulus (GPa) ≥ Heat
shrinkage ratio (%)3 0.1 + 6.0



EP 4 173 799 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a biaxially oriented polypropylene film superior in stiffness and heat resistance.
More specifically, the present invention relates to a biaxially oriented polypropylene film that can easily retain a bag
shape when being made into a packaging bag, and has fewer wrinkles at the sealed portion when being heat-sealed,
and thus is suitable for use as a packaging bag.

BACKGROUND ART

[0002] A biaxially oriented polypropylene film is used for packaging and industrial applications since it has moisture
resistance and also has required stiffness and heat resistance. In recent years, in consideration of the environment, it
is required to maintain the strength even if the volume thereof is reduced (thinner film thickness), and for that purpose,
it is crucial to significantly improve the stiffness. As a means for improving the stiffness, it is known that the crystallinity
and melting point of a polypropylene resin are improved thanks to improvement of catalysts and the process technology
at the time of polymerization of the polypropylene resin, and that the degree of orientation of the film is increased by
increasing stretch ratio in the process of forming the film. However, because improved stiffness leads to deteriorated
heat resistance, no biaxially oriented polypropylene film with sufficient stiffness and heat resistance has been obtained.
In addition, a film having reduced volume with improved stiffness leads to lower barrier properties against water vapor
to impair moisture-proof properties, resulting in a problem of food deterioration.
[0003] In the manufacturing process of a biaxially oriented polypropylene film, a method in which after the film is
stretched in the width direction, the film is heat treated in the first step while relaxing the film below the temperature at
the time of stretching in the width direction, and then the film is heat treated in the second step at the temperature from
the temperature in the first step to the temperature in the stretching in the width direction (for example, Patent document
1), and a method in which the film is stretched in the width direction, and further stretched in the longitudinal direction
(for example, Patent documents 2 and 3) has been proposed. However, although the film disclosed in the Patent document
2 was superior in stiffness, it tended to wrinkle at the sealed portion after being heat-sealed and was inferior in heat
resistance. The film disclosed in the Patent document 1 has low orientation and insufficient stiffness. The film disclosed
in the Patent document 3 was sequentially biaxially oriented so that it was oriented in the width direction and re-oriented
in the longitudinal direction, and therefore, the molecular chains were not sufficiently aligned in the longitudinal direction
and the stiffness in the longitudinal direction was low. In addition, since it is relaxed in the width direction, the orientation
in the width direction is low and the stiffness is insufficient.

RELATED ART DOCUMENT

PATENT DOCUMENT

[0004]

Patent document 1: WO2016/182003
Patent document 2: JP 2013-177645 A
Patent document 3: JP 2001-40111 A

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] The objective of the present invention is to solve the above-mentioned problems. Namely, it related to a biaxially
oriented polypropylene film having both stiffness and heat resistance at temperatures as high as 150°C. In detail, it is
to provide a biaxially oriented polypropylene film that has high stiffness and can easily retain a bag shape when being
made into a packaging bag even if the film is made thinner, and at the same time, that can maintain water vapor barrier
properties as conventional thicknesses even if the film is made thinner, and has few wrinkles in and around the sealed
portion when being heat-sealed to make a packaging body.

MEANS FOR SOLVING THE PROBLEMS

[0006] The present inventors have conducted earnest studies in order to accomplish the objective, and have found a
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biaxially oriented polypropylene film satisfying the following (1), (2), and (3):

(1) a heat shrinkage ratio at 150°C in a longitudinal direction is 10% or lower, and a heat shrinkage ratio at 150°C
in a width direction is 30% or lower;
(2) a tensile elastic modulus at 23°C in the width direction is 6.0 GPa or more; and
(3) the heat shrinkage ratio (%) at 150°C in the width direction and the tensile elastic modulus (GPa) at 23°C in the
width direction satisfy the following formula. 

[0007] In this case, the biaxially oriented polypropylene film preferably satisfies the following (4) and (5):

(4) a shrinkage ratio at 120°C in the longitudinal direction is 2.0% or lower, and a heat shrinkage ratio at 120°C in
the width direction is 10.0% or lower; and
(5) the shrinkage ratio (%) at 120°C in the width direction and the tensile elastic modulus (GPa) at 23°C in the width
direction satisfy the following formula. 

[0008] Furthermore, in this case, the biaxially oriented polypropylene film preferably has a refractive index Ny in the
width direction of 1.5250 or higher and ΔNy of 0.0240 or higher.
[0009] Furthermore, in this case, a half width of a peak derived from an oriented crystal in a width direction in angular
dependency of a (110) plane of polypropylene α type crystal of the biaxially oriented film obtained by wide-angle X-ray
diffraction measurement is preferably 21° or smaller.
[0010] Furthermore, in this case, the biaxially oriented polypropylene film preferably has a haze of 5.0% or lower.
[0011] Furthermore, in this case, a polypropylene resin constituting the biaxially oriented polypropylene film preferably
has a mesopentad fraction of 97.0% or higher.
[0012] Furthermore, in this case, a polypropylene resin constituting the biaxially oriented polypropylene film preferably
has a crystallization temperature of 105°C or higher and a melting point of 160°C or higher.
[0013] Furthermore, in this case, a polypropylene resin constituting the biaxially oriented polypropylene film preferably
has a melt flow rate of 4.0 g/10 min or higher.
[0014] Furthermore, in this case, an amount of a component having a molecular weight of 100,000 or less in a poly-
propylene resin constituting the biaxially oriented polypropylene film is preferably 35% by mass or more.
[0015] Furthermore, in this case, the biaxially oriented polypropylene film preferably has a degree of orientation of
0.85 or higher.

EFFECTS OF THE INVENTION

[0016] The biaxially oriented polypropylene film of the present invention has high stiffness and can be made into a
thin film, and at the same time, can maintain water vapor barrier properties equivalent to conventional thicknesses even
if the film is made thinner, and has few wrinkles in and round the sealed portion when being heat-sealed. Accordingly,
it can be suitably used for packaging and industrial applications.

MODE FOR CARRYING OUT THE INVENTION

[0017] Hereinafter, a biaxially oriented polypropylene film of the present invention will be described in more detail.
[0018] The biaxially oriented polypropylene film of the present invention is mad of a polypropylene resin composition
containing a polypropylene resin as a main component. The "main component" means that the proportion of the poly-
propylene resin in the polypropylene resin composition is 90% by mass or more, more preferably 93% by mass or more,
even more preferably 95% by mass or more, and particularly preferably 97% by mass or more.
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(Polypropylene resin)

[0019] As the polypropylene resin used in the present invention, a polypropylene homopolymer or a copolymer of
ethylene and/or α-olefin having 4 or more carbon atoms can be used. A propylene homopolymer that substantially does
not contain ethylene and/or α-olefin having 4 or more carbon atoms is preferable, and even in the case where ethylene
and/or α-olefin component having 4 or more carbon atoms is contained, the amount of the ethylene and/or α-olefin
component having 4 or more carbon atoms is preferably 1% by mole or less, more preferably 0.5% by mole or less,
even more preferably 0.3% by mole or less, and particularly preferably 0.1 by mole or less. The amount in the above
range can easily improve crystallinity. Examples of the α-olefin component having 4 or more carbon atoms constituting
the copolymer, for example, include 1-butene, 1-pentene, 3-methylpentene-1,3-methylbutene-1,1-hexene, 4-methylpen-
tene-1,5-ethylhexene-1,1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-heptadecene, 1-octadecene,
and 1-eicosene.
[0020] As the polypropylene resin, two or more different polypropylene homopolymers, copolymers of ethylene and/or
α-olefin having 4 or more carbon atoms, and a mixture thereof can be used.

(Stereoregularity)

[0021] The mesopentad fraction ([mmmm]%), which is an index of the stereoregularity of the polypropylene resin used
in the present invention, is preferably in the range of 97.0 to 99.9%, more preferably in the range of 97.5 to 99.7%, even
more preferably 98.0 to 99.5%, and particularly preferably 98.5 to 99.3%.
[0022] When the mesopentad fraction is 97.0% or higher, the crystallinity of the polypropylene resin is improved, and
the melting point, the degree of crystallinity, and the degree of crystal orientation of crystals in the film are improved,
making it easier to obtain stiffness and heat resistance at high temperatures. A mesopentad fraction of 99.9% or lower
is cost-effective in terms of polypropylene production, and easily prevent or reduce film breakage during film formation.
The mesopentad fraction is measured by the nuclear magnetic resonance method (so-called NMR method).
[0023] The mesopentad fraction is more preferably 99.5% or lower. The mesopentad fraction is measured by the
nuclear magnetic resonance method (so-called NMR method).
[0024] In order to keep the mesopentad fraction of the polypropylene resin within the above range, methods such as
a method in which obtained polypropylene resin powder is washed with a solvent such as n-heptane, or a method in
which selection of a catalyst and/or cocatalyst and selection of components of the polypropylene resin composition are
made as appropriate are preferably employed.

(Melting temperature)

[0025] The lower limit of the melting temperature (Tm), measured by a DSC, of the above polypropylene resin con-
stituting the biaxially oriented polypropylene film of the present invention is preferably 160°C, more preferably 161°C,
even more preferably 162°C, further preferably 163°C, and even further preferably 164°C. When the Tm of 160°C or
higher, stiffness and heat resistance at high temperatures can be easily ensured. The upper limit of the Tm is preferably
170°C, more preferably 169°C, even more preferably 168°C, further preferably 167°C, and particularly preferably 166°C.
When the Tm is 170°C or lower, it is easier to prevent an increase in cost in terms of polypropylene production and less
likely to break during film formation. The melting temperature can be further increased by blending a crystal nucleating
agent into the above-mentioned polypropylene resin.
[0026] The Tm is the main peak temperature of an endothermic peak associated with melting that is observed when
a sample with a weight of 1 to 10 mg is put into an aluminum pan, which is set in a differential scanning calorimeter
(DSC), melted at 230°C for 5 minutes in a nitrogen atmosphere, and the temperature is decreased to 30°C at a scanning
rate of - 10°C/min, maintained for 5 minutes, and then increased at a scanning rate of 10°C/min.

(Crystallization temperature)

[0027] The lower limit of the crystallization temperature (Tc), measured by a DSC, of the above polypropylene resin
constituting the biaxially oriented polypropylene film of the present invention is 105°C, preferably 108°C, and more
preferably 110°C. When the Tc is 105°C or higher, crystallization can easily progress during stretching in the width
direction and a subsequent cooling step, so that stiffness and heat resistance at high temperatures are easily ensured.
The upper limit of the Tc is preferably 135°C, more preferably 133°C, even more preferably 132°C, further preferably
130°C, particularly preferably 128°C, and most preferably 127°C. When the Tc is 135°C or lower, it is easier to prevent
an increase in cost in terms of polypropylene production and less likely to break during film formation. The crystallization
temperature can be further increased by blending a crystal nucleating agent into the above-mentioned polypropylene
resin.
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[0028] The Tc is the main peak temperature of an exothermic peak that is observed when a sample with a weight of
1 to 10 mg is put into an aluminum pan, which is set in a DSC, melted at 230°C for 5 minutes in a nitrogen atmosphere,
and the temperature is decreased to 30°C at a scanning rate of -10°C/min.

(Melt flow rate)

[0029] The melt flow rate (MFR) of the above polypropylene resin constituting the biaxially oriented polypropylene film
of the present invention is preferably 4.0 g/10 min or higher and 30 g/10 min or lower, more preferably 4.5 g/10 min or
higher and 25 g/10 min or lower, even more preferably 4.8 g/10 min or higher and 22 g/10 min or lower, particularly
preferably 5.0 g/10 min or higher and 20 g/10 min or lower, and most preferably 6.0 g/10 min or higher and 20 g/10 min
or lower, when being measured in accordance with the condition M (230°C, 2.16 kgf) of JIS K7210 (1995).
[0030] When the melt flow rate (MFR) of the polypropylene resin is 4.0 g/10 min or higher, a biaxially oriented poly-
propylene film having low heat shrinkage is easily obtained.
[0031] When the melt flow rate (MFR) of the polypropylene resin is 30 g/10 min or lower, the film formability is easily
maintained.
[0032] From the viewpoint of film characteristics, the lower limit of the melt flow rate (MFR) (230°C, 2.16 kgf) of the
polypropylene resin constituting the film is preferably 5.0 g/10 min, more preferably 5.5 g/10 min, even more preferably
6.0 g/10 min, particularly preferably 6.3 g/10 min, and most preferably 6.5 g/10 min.
[0033] When the melt flow rate (MFR) of the polypropylene resin is 5.0 g/10 min or more, the amount of a low-molecular
weight component of the polypropylene resin constituting the film is increased, so that by employing the width-direction
stretching step in the film formation process described below, the orientation crystallization of the polypropylene resin
is further promoted, and the degree of crystallinity in the film is more easily increased, and at the same time, the
polypropylene molecular chains in the amorphous part are less entangled with each other to further improve heat
resistance.
[0034] In order to keep the melt flow rate (MFR) of the polypropylene resin within the above range, it is preferable to
employ methods such as controlling the average molecular weight or molecular weight distribution of the polypropylene
resin.
[0035] That is, the lower limit of the amount of a component having a molecular weight of 100,000 or less in a GPC
integration curve of the polypropylene resin constituting the film of the present invention is 35% by mass, preferably
38% by mass, more preferably 40% by mass, even more preferably 41% by mass, and particularly preferably 42% by
mass.
[0036] The upper limit of the amount of the component having a molecular weight of 100,000 or less in the GPC
integration curve is preferably 65% by mass, more preferably 60% by mass, and even more preferably 58% by mass.
When the amount of the component having a molecular weight of 100,000 in the GPC curve is 65% by mass or less,
the film strength is less likely to be decreased.
[0037] At this time, when a high-molecular-weight component or a long-chain branched component having a long
relaxation time is contained, it is easy to adjust the amount of the component having a molecular weight of 100,000 or
less contained in the polypropylene resin without significantly changing the overall viscosity, so that the film formability
can be easily improved without significantly affecting the stiffness and heat shrinkage.

(Molecular weight distribution)

[0038] The lower limit of mass-average molecular weight (Mw)/number-average molecular weight (Mn), which is an
index of the width of the molecular weight distribution, of the polypropylene resin used in the present invention is preferably
3.5, more preferably 4, even more preferably 4.5, and particularly preferably 5. The upper limit of the Mw/Mn is preferably
30, more preferably 25, even more preferably 23, particularly preferably 21, and most preferably 20.
[0039] The Mw/Mn can be obtained by using gel permeation chromatography (GPC). When the Mw/Mn is within the
above range, it is easy to increase the amount of the component having a molecular weight of 100,000 or less.
[0040] The molecular weight distribution of the polypropylene resin can be adjusted by polymerizing components
having different molecular weights in multiple stages in a series of plants, blending components having different molecular
weights offline with a kneader, blending catalysts having different properties and performing polymerization, or using a
catalyst capable of achieving a desired molecular weight distribution. The shape of the molecular weight distribution
obtained by GPC may be a gentle molecular weight distribution with a single peak or may be a molecular weight distribution
with multiple peaks and shoulders in a GPC chart in which the logarithm of molecular weight (M) (log M) is plotted on
the horizontal axis and a differential distribution value (weight fraction per log M) is plotted on the vertical axis.
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(Method for forming biaxially oriented polypropylene film)

[0041] The biaxially oriented polypropylene film of the present invention is preferably obtained by producing an un-
stretched sheet made of the polypropylene resin composition containing the above-described polypropylene resin as a
main component, and then biaxially stretching the unstretched sheet. The method for biaxial stretching may be any of
an inflation simultaneous biaxial stretching method, a tenter simultaneous biaxial stretching method, and a tenter se-
quential biaxial stretching method, but the tenter sequential biaxial stretching method is preferably adopted from the
viewpoint of film formation stability and thickness uniformity. In particular, stretching in the longitudinal direction followed
by stretching in the width direction is preferred, but the method in which stretching in the width direction is followed by
stretching in the longitudinal direction is also acceptable.
[0042] Next, a method for producing the biaxially oriented polypropylene film of the present invention will be described
below, however, the present invention is not necessarily limited thereto. The biaxially oriented polypropylene film of the
present invention may have a layer having other functions laminated on at least one side. The lamination can be on one
or both sides. In this case, the above-described polypropylene resin composition may be adopted as the resin composition
of another layer or a central layer. Alternatively, a composition different from the above-described polypropylene resin
composition may be used. The number of the layer to be laminated may be one, two, or three or more per one surface,
however, is preferably one or two from the viewpoint of production. As the method for the lamination, for example,
coextrusion by a feed block method or a multi-manifold method is preferable. In particular, for the purpose of improving
the processability of the biaxially oriented polypropylene film, a resin layer having heat-sealing properties can be laminated
to the extent that the properties are not reduced. In addition, in order to impart printability, corona treatment can be
performed on one or both surfaces.
[0043] The following is an example of the single layer case where the tenter sequential biaxial stretching method is
employed.
[0044] First, the resin composition containing the polypropylene resin is heated and melted with a uniaxial or biaxial
extruder, extruded from a T-die into a sheet form, and brought into contact with a cooling roll to be cooled and solidified.
For the purpose of promoting solidification, preferably, the sheet that has been cooled with the cooling roll may be further
cooled by immersing it in a water tank or by other means.
[0045] Next, the sheet is stretched in the longitudinal direction with two pair of heated stretching rolls by increasing
the number of rotations of the rear stretching rolls to obtain a uniaxially stretched film.
[0046] Subsequently, the uniaxially stretched film is pre-heated, and then stretched in the width direction at a specific
temperature while gripping the film edges in a tenter-type stretching machine to obtain a biaxially stretched film. This
width-direction stretching step will be described in detail later.
[0047] After the width-direction stretching step is completed, the biaxially stretched film is heat-treated at a specific
temperature to obtain a biaxially oriented film. In the heat treatment step, the film may be relaxed in the width direction.
[0048] The biaxially oriented polypropylene film thus obtained can be subjected to, for example, a corona discharge
treatment on at least one surface thereof, as necessary, and then wound by a winder to obtain a film roll.
[0049] Hereinafter, each step will be described in detail.

(Extrusion step)

[0050] First, the polypropylene resin composition containing the polypropylene resin as a main component is heated
and melted in the range of 200°C to 300°C with a uniaxial or biaxial extruder, and the melted polypropylene resin
composition is extruded from a T-die into a sheet shape, which is brought into contact with a cooling roll made of metal
to be cooled and solidified. The obtained unstretched sheet is preferably further put into a water tank.
[0051] The temperature of the cooling roll, or the temperature of the cooling roll and the water tank are preferably in
the range of 10°C to the Tc, and when the transparency of the film is to be increased, the sheet is preferably cooled and
solidified with a cooling roll whose temperature is within the range of 10 to 50°C. When the cooling temperature is 50°C
or lower, the transparency of the unstretched sheet is likely to be increased, and the cooling temperature is preferably
40°C or lower, and even more preferably 30°C or lower. In order to increase the degree of crystal orientation after the
sequential biaxial stretching, it may be preferable to set the cooling temperature to be 40°C or higher, however, when
a propylene homopolymer having a mesopentad fraction of 97.0% or higher as described above is used, the cooling
temperature is preferably 40°C or lower for facilitating stretching in the next step and reducing thickness unevenness,
and more preferably 30°C or lower.
[0052] The thickness of the unstretched sheet is preferably 3500 mm or less in terms of cooling efficiency, more
preferably 3000 mm or less, and can be appropriately adjusted in accordance with the film thickness after the sequential
biaxial stretching. The thickness of the unstretched sheet can be controlled by the extrusion speed of the polypropylene
resin composition, the lip width of the T-die, and the like.
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(Longitudinal-direction stretching step)

[0053] The lower limit of a longitudinal-direction stretching ratio is preferably 3.5 times, more preferably 3.8 times, and
particularly preferably 4.2 times. The above range can easily lead to higher strength and reduced thickness unevenness.
[0054] The upper limit of the longitudinal-direction stretching ratio is preferably 7.0 times, more preferably 6.0 times,
and particularly preferably 7 times. The above range can make it easier to stretch in the width direction in the width-
direction stretching step, resulting in improved productivity.
[0055] The lower limit of the longitudinal-direction stretching temperature is preferably Tm-30°C, more preferably Tm-
27°C, and even more preferably Tm-25°C. The above range can make the subsequent width-direction stretching easier,
and lead to reduced thickness unevenness. The upper limit of the longitudinal-direction stretching temperature is pref-
erably Tm-7°C, more preferably Tm-10°C, and even more preferably Tm-12°C. The above range makes it easier to
reduce the heat shrinkage ratio, and also prevent the sheet from adhering to the stretching roll to reduce the difficulty
of stretching, and prevent degradation of quality due to larger surface roughness.
[0056] The longitudinal-direction stretching may be performed in two or more multiple stages using three or more pairs
of stretching rolls.

(Preheating step)

[0057] Before the width-direction stretching step, the uniaxially stretched film after the longitudinal-direction stretching
needs to be heated in the range of Tm to Tm+25°C to soften the polypropylene resin composition. When the preheating
temperature is Tm or higher, softening proceeds and the stretching in the width direction becomes easy. When the
preheating temperature is Tm+25°C or lower, orientation at the time of the width-direction stretching proceeds to easily
ensure stiffness. The preheating temperature is more preferably Tm+2 to Tm+20°C, and particularly preferably Tm+3
to Tm+15°C. The maximum temperature in the preheating step is defined as the preheating temperature.

(Width-direction stretching step)

[0058] A preferable method for the width-direction stretching step after the preheating step is as follows.
[0059] In the width-direction stretching step, the temperature is preferably Tm-10°C or higher and the preheating
temperature or lower. The width-direction stretching may be started when the temperature arrives at the preheating
temperature, or may be started when the temperature is lowered to a temperature lower than the preheating temperature
after arriving at the preheating temperature.
[0060] The lower limit of the temperature in the width-direction stretching step is more preferably Tm-9°C, even more
preferably Tm-7°C, and particularly preferably Tm-5°C. The width-direction stretching temperature within the above
range can easily improve the stiffness of the obtained biaxially oriented film.
[0061] The upper limit of the temperature in the width-direction stretching step is preferably Tm+10°C, more preferably
Tm+7°C, and particularly preferably Tm+5°C. The width-direction stretching temperature within the above range can
easily prevent stretching unevenness.
[0062] In the width-direction stretching step, a later stretching step at a lower temperature may be added following the
width-direction stretching at a temperature in the above range.
[0063] In other words, a section (first term section) in which stretching is performed at a temperature of Tm-10°C or
higher and Tm+10°C or lower may be followed by a section (second term section) in which stretching is performed at a
temperature that is lower than the temperature in the first term section and Tm-70°C or higher and Tm-5°C or lower.
Performing the first term section and the second term section can easily improve the stiffness.
[0064] The lower limit of the stretching temperature of the second term section is preferably Tm-65°C, more preferably
Tm-60°C, and even more preferably Tm-55°C. The stretching temperature in the second term section within the above
range can easily lead to stable film production.
[0065] The lower limit of the final ratio of the width-direction stretching in the width-direction stretching step is preferably
9 times, more preferably 10 times. When the ratio is 9 times or more, film stiffness can be easily improved and thickness
unevenness can be easily reduced. The upper limit of the ratio of the width-direction stretching is preferably 20 times,
more preferably 17 times, and even more preferably 15 times. When the ratio is 20 times or less, heat shrinkage ratio
can be easily reduced, and the film is less likely to break during stretching.
[0066] When the second term section is added, the total stretching ratio should be in the above range. In this case,
the lower limit of stretching ratio in the first term section is preferably 4 times, more preferably 5 times, even more
preferably 6 times, and particularly preferably 6.5 times. The upper limit of stretching ration at the end of the first term
section is preferably 15 times, more preferably 14 times, and even more preferably 13 times.
[0067] Preferably, the film is cooled at the end of the width-direction stretching, i.e., immediately after reaching the
final stretching ratio in the width-direction. At this time, the cooling temperature is preferably the width-direction stretching
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temperature or lower, and at the same time, Tm-80°C or higher and Tm-15°C or lower, more preferably Tm-80°C or
higher and Tm-20°C or lower, even more preferably Tm-80°C or higher and Tm-30°C or lower, and particularly preferably
Tm-70°C or higher and Tm-35°C or lower. By adding the cooling step, crystallization occurs and crystal orientation is
fixed, and even if the temperature is subsequently increased above melting, the orientation history is maintained, resulting
in a larger crystal orientation in the film.
[0068] From the temperature at the end of the width-direction stretching to the temperature when cooling, the temper-
ature may be gradually decrease, or may be decreased stepwise or in one step. Decreasing the temperature stepwise
or in one step is preferred because it is easier to further improve crystal orientation in the film.
[0069] After the film is cooled, it is preferred to stretch the film again in the width direction at a high temperature. The
lower limit of the stretching temperature is preferably Tm-5°C, more preferably Tm, even more preferably Tm+5°C,
particularly preferably Tm+7°C, and most preferably Tm+9°C. The temperature of Tm-5°C or higher can easily improve
the stiffness and reduce the heat shrinkage ratio.
[0070] The upper limit of the stretching temperature is preferably Tm+20°C, more preferably Tm+18°C, and even more
preferably Tm+16°C. The temperature of Tm+20°C or lower can easily improve the stiffness.
[0071] The lower limit of the re-stretching ratio at a high temperature is 1.03 times, preferably 1.05 times, and more
preferably 1.10 times.
[0072] The upper limit of the re-stretching ratio at a high temperature is preferably 2 times, more preferably 1.7 times,
and even more preferably 1.5 times. If the re-stretching ratio is too large, the heat shrinkage ratio may become too large,
thickness unevenness may occur or the film may break.
[0073] The inventors have found that by stretching in the width direction again at a high temperature, rather than
immediately relaxing at a high temperature after stretching in the width direction as in conventional methods, it is possible
to further improve the stiffness while decreasing the heat shrinkage ratio.
[0074] In the step of re-stretching in the width direction at a high temperature, it is preferable to perform stretching at
Tm-5°C or higher. When the temperature is Tm-5°C or higher, the kinetic properties of molecular chains are sufficiently
high, and stretching helps to dissolve the effects of entanglement of the molecular chains, resulting in the molecular
chains less restrained, which is less likely to lead to a disordered molecular orientation, and crystallization is also
sufficiently advanced.
[0075] Cooling the film at the same or below the crystallizable temperature after stretching in the width direction at a
high temperature can fix the crystal orientation, so that a film having a high degree of crystallinity and thick crystal lamella,
and high melting point can be obtained.
[0076] In addition, also outside the crystal lamella, as there are few molecular chains restrained by entanglement
points, and distortion of molecular orientation is small, the film is unlikely to shrink even if melting of the crystals begins.
[0077] As a result, the heat shrinkage ratio can be reduced while the stiffness is further improved.
[0078] In a usual film production process (extruding - longitudinal-direction stretching - width-direction stretching - heat
treatment), in order to eliminate distortion caused by the width-direction stretching performed at a temperature lower
than the melting point, the film was exposed to a high temperature the same as or higher than the melting point in the
heat treatment process, and at the same time the film was relaxed by several percent to several tens of percent to reduce
the heat shrinkage ratio. The relaxation can eliminate the difficulty of crystallization progress due to restrained molecular
chains, and contribute to the reduction of the heat shrinkage ratio. Conversely, however, it was difficult to achieve both
low heat shrinkage ratio and high stiffness because the stiffness also decreased due to the reduced orientation in the
width direction of the molecular chains generated in the width-direction stretching process. In addition, if the temperature
was too high, there was also the problem of whitening of the film.
[0079] In a usual film production process (extruding - longitudinal-direction stretching - width-direction stretching - heat
treatment), if stretching is performed by increasing the temperature of the width-direction stretching process so that the
molecular chains are highly mobile and no strain remains, melting of the crystals generated by the longitudinal-direction
stretching progress to decrease crystal orientation.
[0080] In the method of the present invention, the film is once stretched in the width direction an sufficiently oriented
in the width direction, and then the film having sufficient tension even the crystal orientation fixed by cooling is melted
is re-stretched at a temperature as high as Tm-5°C or higher, and therefore, there is little concern about thickness
unevenness of film breaking when the film is re-stretched because the film has sufficient tension at the time of the re-
stretching.
[0081] The stretching ratio at a high temperature only needs to be the one that is sufficient to loosen molecular chain
entanglements an align the molecular chains, and may be 1.03 times or more. A stretching ratio of 2 times or less is
less likely to lead to thickness unevenness.
[0082] As such, by using the polypropylene resin having high stereoregularity, a high melting point, and high crystallinity
as described above and employing the above-described longitudinal-direction stretching step, the width-direction stretch-
ing step, the cooling step, and the stretching step at a high temperature, the molecules of the polypropylene resin are
highly aligned in a main orientation direction (in the above-described width-direction stretching step, corresponding to
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the width direction), and thus, the crystal orientation in the obtained biaxially oriented film is strong, and more crystals
having a high melting point are likely to be generated.
[0083] In addition, by increasing the amount of the low-molecular-weight component of the polypropylene resin, the
molecular chains become less entangled, which makes it easier to increase the crystallinity of the film and reduce the
part that is not crystal lamella. Furthermore, the heat contraction stress at the part that is not crystal lamella is weakened,
making it easier to further reduce the heat shrinkage ratio.
[0084] Considering that in the conventional technology, if either stiffness or heat shrinkage ratio increases, the other
property tends to decrease, the present invention has an epoch-making effect.

(Heat treatment step)

[0085] The biaxially stretched film can be heat-treated as necessary in order to further reduce the heat shrinkage ratio.
The upper limit of the heat treatment temperature is preferably 183°C, more preferably 180°C, and even more preferably
178°C. When the temperature is 183°C or lower, the stiffness is less likely to be reduced, the film surface roughness is
less likely to become too large, and the film is less likely to whiten. The lower limit of the heat treatment temperature is
preferably Tm-3°C, more preferably Tm-2°C, and particularly preferably Tm.
[0086] For the purpose of adjusting the heat shrinkage ratio, the film may be relaxed in the width direction during the
heat treatment. The upper limit of the relaxation rate is preferably 8%, more preferably 5%, and even more preferably
3%. With the relaxation rate within the above range, the stiffness is less likely to be reduced and the film thickness
fluctuation is likely to be reduced. When more stiffness is desired, the heat treatment does not need to be performed.

(Cooling step)

[0087] After the width-direction stretching, the film is preferably cooled immediately after re-stretching in the width
direction at Tm-5°C or higher or immediately after the heat treatment step. At this time, the cooling temperature is
preferably 10°C or higher and 140°C or lower, more preferably 15°C or higher and 135°C or lower, 20°C or higher and
130°C or lower, and particularly preferably 20°C or higher and 125°C or lower. Providing the cooling step can fix the
condition of the film.

(Film thickness)

[0088] The thickness of the biaxially oriented polypropylene film of the present invention is determined according to
each application, however, in order to ensure the strength of the film, the lower limit of the film thickness is preferably 2
mm, more preferably 3 mm, even more preferably 4 mm, particularly preferably 8 mm, and most preferably 10 mm. When
the film thickness is 2 mm or more, the stiffness of the film can be easily ensured. The upper limit of the film thickness
is preferably 100 mm, more preferably 80 mm, even more preferably 60 mm, particularly preferably 50 mm, and most
preferably 40 mm. When the film thickness is 100 mm or less, the cooling rate of the unstretched sheet during the extrusion
step is less likely to be decreased.
[0089] The biaxially oriented polypropylene film of the present invention is usually formed as a roll having a width of
2000 to 12000 mm and a length of about 1000 to 50000 m, and is wound into a film roll, which is further slit according
to each application and is provided as a slit roll having a width of 300 to 2000 mm and a length of about 500 to 5000 m.
The biaxially oriented polypropylene film of the present invention can be obtained as a longer film roll.

(Thickness uniformity)

[0090] The lower limit of the thickness uniformity of the biaxially oriented polypropylene film of the present invention
is preferably 0%, more preferably 0.1%, even more preferably 0.5%, and particularly preferably 1%. The upper limit of
the thickness uniformity is preferably 20%, more preferably 17%, even more preferably 15%, particularly preferably 12%,
and most preferably 10%. When the thickness uniformity is within the above range, defects are less likely to occur during
post-processing such as coating and printing, and the biaxially oriented polypropylene film can be easily used for appli-
cations that require precision.
[0091] The measurement method is as follows. A test piece of 40 mm in the width direction is cut out from a steady
region where the physical properties of the film are stable in the longitudinal direction, and the film thickness is continuously
measured over 20000 mm using a film feeder manufactured by MIKURON k.k. (serial number: A90172) and a film
thickness continuous measurement device (product name: K-313A wide-range high-sensitivity electronic micrometer)
manufactured by Anritsu Corporation, and the thickness uniformity is calculated from the following equation. 
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(Film characteristics)

[0092] The biaxially oriented polypropylene film of the present invention is characterized by the following characteristics.
Here, the "longitudinal direction" in the biaxially oriented polypropylene film of the present invention is a direction corre-
sponding to a flow direction in the film production process, and the "width direction" is a direction orthogonal to the flow
direction in the film production process. For a polypropylene film for which the flow direction in the film production process
is unknown, a direction with the highest diffraction intensity of a diffraction intensity distribution obtained when wide-
angle X-rays incident perpendicularly on the film surface and a scattering peak derived from the (110) plane of α-type
crystal is scanned in the circumferential direction is defined as the "longitudinal direction", and a direction orthogonal to
this direction is defined as the "width direction".
[0093] The heat shrinkage ratio (%) at 150°C in the width direction and the tensile elastic modulus (GPa) at 23°C in
the width direction of the biaxially oriented polypropylene film of the present invention satisfy the following formula.
[0094] Satisfying the following formula results in higher stiffness and lower heat shrinkage ratio at high temperatures,
which improve the ease of maintaining the bag shape when made into a packaging bag, and also improve packaging
quality as the film is less prone to deformation during processing such as heat sealing at high temperatures. In addition,
the film can be made thinner, contributing to a reduction in the volume of packaging materials. 

(Heat shrinkage ratio at 150°C)

[0095] The upper limit of the heat shrinkage ratio at 150°C in the longitudinal direction of the biaxially oriented poly-
propylene film of the present invention is 10%, preferably 7.0%, more preferably 6.0%, even more preferably 5.0%, and
particularly preferably 4.0%. The upper limit of the heat shrinkage ratio at 150°C in the width direction is 30%, preferably
20%, more preferably 16%, and particularly preferably 15% or lower.
[0096] When the heat shrinkage ratio in the longitudinal direction is 10% or lower and the heat shrinkage ratio in the
width direction is 30% or lower, wrinkles during heat sealing are less likely occur. In particular, when the heat shrinkage
ratio at 150°C in the longitudinal direction is 8.0% or lower and the heat shrinkage ratio at 150°C in the width direction
is 15% or lower, it is preferable because distortion when fusing a chuck portion to the opening is small. In order to
decrease the heat shrinkage ratio at 150°C, it is effective to set the lower limit of the amount of components having a
molecular weight of 100,000 or less when a gel permeation chromatography (GPC) curve of the polypropylene resin
constituting the film is measured to be 35% by mass.

(Tensile elastic modulus at 23°C)

[0097] The lower limit of the tensile elastic modulus at 23°C in the width direction of the biaxially oriented polypropylene
film of the present invention is 6.0 GPa, preferably 6.5 GPa, more preferably 6.7 GPa, particularly preferably 7.0 GPa,
and most preferably 8.0 GPa, and particularly most preferably 8.5 GPa. When being 6.0 GPa or more, the stiffness is
high, making it easier to maintain a bag shape when being made into a packaging bag and less likely to cause deformation
of the film during printing and other processing. The upper limit of the tensile elastic modulus in the width direction is
preferably 15 GPa, more preferably 13 GPa, and even more preferably 12 GPa. When being 15 GPa or less, practical
manufacture becomes easier and the longitudinal-width balance in characteristics is likely to be improved. The lower
limit of the tensile elastic modulus at 23°C in the longitudinal direction of the biaxially oriented polypropylene film of the
present invention is preferably 2.0 GPa, more preferably 2.1 GPa, even more preferably 2.2 GPa, further preferably 2.3
GPa, particularly preferably 2.4 GPa, and particularly preferably 2.6 GPa. When being 2.0 GPa or more, the stiffness is
high, making it easier to maintain a bag shape when being made into a packaging bag and less likely to cause deformation
of the film during printing and other processing. The upper limit of the tensile elastic modulus in the longitudinal direction
is preferably 4.0 GPa, more preferably 3.8 GPa, even more preferably 3.7 GPa, particularly preferably 3.6 GPa, and
most preferably 3.5 GPa. When being 4.0 GPa or less, practical manufacture becomes easier and the longitudinal-width
balance in characteristics is likely to be improved.
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[0098] The tensile elastic modulus can be brought within the range by adjusting the stretching ratio and relaxation
ratio, or adjusting the temperature when the film is formed.
[0099] It is more preferable for the biaxially oriented polypropylene film of the present invention to have the following
characteristics and structure.

(Heat shrinkage ratio at 120°C)

[0100] The upper limit of the heat shrinkage ratio at 120°C in the longitudinal direction of the biaxially oriented poly-
propylene film of the present invention is preferably 2.0%, more preferably 1.5%, even more preferably 1.2%, and
particularly preferably 1.0%. When being 2.0% or lower, a printing pitch shift is less likely to occur when printing ink is
transferred. The upper limit of the heat shrinkage ratio at 120°C in the width direction is 10.0% or lower, preferably 5.0%,
more preferably 3.5%, and particularly preferably 2.5%. When being 10.0% or lower, wrinkles are less likely to be
generated when heat sealed.
[0101] The heat shrinkage ratio at 120°C can be brought within the range by adjusting the stretching ratio, stretching
temperature, and heat setting temperature.
[0102] The heat shrinkage ratio (%) at 120°C in the width direction and the tensile elastic modulus (GPa) at 23°C in
the width direction of the biaxially oriented polypropylene film of the present invention preferably satisfy the following
formula.
[0103] Satisfying the following formula results in higher stiffness and lower heat shrinkage ratio at high temperatures,
which prevents or reduces printing pitch shift when being made into a packaging bag. 

[0104] It is more preferred for the heat shrinkage ratio (%) at 120°C in the width direction and the tensile elastic modulus
(GPa) at 23°C in the width direction of the biaxially oriented polypropylene film of the present invention to satisfy the
following formula. 

[0105] Furthermore, it is even more preferred for the heat shrinkage ratio (%) at 120°C in the width direction and the
tensile elastic modulus (GPa) at 23°C in the width direction of the biaxially oriented polypropylene film of the present
invention to satisfy the following formula. 

(Stress upon 5% elongation at 23°C)

[0106] The lower limit of F5 at 23°C in the width direction of the biaxially oriented polypropylene film of the present
invention is preferably 140 MPa, more preferably 160 MPa, even more preferably 180 MPa, and particularly preferably
190 MPa. When being 140 MPa or more, the stiffness is high, making it easier to maintain a bag shape when made into
a packaging bag and less likely to cause deformation of the film during printing and other processing.
[0107] The upper limit of F5 at 23°C in the width direction is preferably 300 MPa, more preferably 290 MPa, and even
more preferably 280 MPa. When being 280 MPa or less, practical manufacture becomes easier and the longitudinal-
width balance is likely to be improved.
[0108] The lower limit of the stress upon 5% elongation (F5) at 23°C in the longitudinal direction of the biaxially oriented
polypropylene film of the present invention is preferably 40 MPa, more preferably 42 MPa, even more preferably 46
MPa, and particularly preferably 48 MPa. When being 40 MPa or more, the stiffness is high, making it easier to maintain
a bag shape when made into a packaging bag and less likely to cause deformation of the film during printing and other
processing.
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[0109] The upper limit of F5 at 23°C in the longitudinal direction is preferably 70 MPa, more preferably 65 MPa, even
more preferably 62 MPa, and particularly preferably 60 MPa. When being 70 MPa or less, practical manufacture becomes
easier and the longitudinal-width balance is likely to be improved.
[0110] The F5 can be set within the range by adjusting the stretching ratio and relaxation ratio, or adjusting the
temperature when the film is formed.

(Tensile breaking strength at 23°C)

[0111] The lower limit of the tensile breaking strength at 23°C in the longitudinal direction of the biaxially oriented
polypropylene film or the present invention is preferably 90 MPa, more preferably 100 MPa, even more preferably 110
MPa, and particularly preferably 115 MPa. When being 90 MPa or more, printing pitch shift is less likely to occur when
printing ink is transferred, and the durability of a packaging bag is easily improved. The upper limit of the tensile breaking
strength in the longitudinal direction, as a realistic value, is preferably 200 MPa, more preferably 180 MPa, and even
more preferably 160 MPa. When being 200 MPa or less, film breakage and packaging bag breakage are less likely to occur.
[0112] The lower limit of the tensile breaking strength at 23°C in the width direction of the biaxially oriented polypropylene
film of the present invention is preferably 400 MPa, more preferably 420 MPa, even more preferably 440 MPa, and
particularly preferably 450 MPa. When being 400 MPa or more, printing pitch shift is less likely to occur when printing
ink is transferred, and the durability of a packaging bag is easily improved. The upper limit of the tensile breaking strength
in the width direction, as a realistic value, is preferably 650 MPa, more preferably 600 MPa, and even more preferably
550 MPa. When being 650 MPa or less, film breakage and packaging bag breakage are less likely to occur.
[0113] The tensile breaking strength can be brought within the range by adjusting the stretching ratio, stretching
temperature, and heat setting temperature.

(Tensile elongation at break at 23°C)

[0114] The lower limit of the tensile elongation at break at 23°C in the longitudinal direction of the biaxially oriented
polypropylene film of the present invention is preferably 180%, more preferably 190%, more preferably 200%, and
particularly preferably 210%. When being 180% or more, film breakage and packaging bag breakage are less likely to
occur. The upper limit of the tensile elongation at break at 23°C in the longitudinal direction, as a realistic value, is
preferably 300%, and more preferably 280%.
[0115] The lower limit of the tensile elongation at break at 23°C in the width direction of the biaxially oriented polypro-
pylene film of the present invention is preferably 15%, more preferably 20%, and more preferably 30%. When being
15% or more, film breakage and packaging bag breakage are less likely to occur. The upper limit of the tensile elongation
at break at 23°C in the width direction is preferably 60%, more preferably 55%, and even more preferably 50%. When
being 60% or lower, printing pitch shift is less likely to occur when printing ink is transferred, and the durability of a
packaging bag is easily improved.
[0116] The tensile elongation at break can be brought within the range by adjusting the stretching ratio, stretching
temperature, and heat setting temperature.

(Refractive index)

[0117] The lower limit of the refractive index (Nx) in the longitudinal direction of the biaxially oriented polypropylene
film of the present invention is preferably 1.4950, more preferably 1.4970, even more preferably 1.4980, particularly
preferably 1.4990, and most preferably 1.5000. When being 1.4950 or higher, the film stiffness can be easily improved.
The upper limit of the refractive index (Nx) in the longitudinal direction is preferably 1.5100, more preferably 1.5070, and
even more preferably 1.5050. When being 1.5100 or lower, the longitudinal-width balance in characteristics is likely to
be improved.
[0118] The lower limit of the refractive index (Ny) in the width direction of the biaxially oriented polypropylene film of
the present invention is preferably 1.5250, more preferably 1.5253, even more preferably 1.5255, particularly preferably
1.5260, and most preferably 1.5265. When being 1.5250 or higher, the film stiffness can be easily improved. The upper
limit of the refractive index (Ny) in the width direction is preferably 1.5280, more preferably 1.5275, and even more
preferably 1.5270. When being 1.5280 or lower, the longitudinal-width balance in characteristics is likely to be improved.
[0119] The lower limit of the refractive index (Nz) in the thickness direction of the biaxially oriented polypropylene film
of the present invention is preferably 1.4960, more preferably 1.4965, even more preferably 1.4970, particularly preferably
1.4980, and most preferably 1.4990. When being 1.4960 or higher, the film stiffness can be easily improved. The upper
limit of the refractive index (Nz) in the thickness direction is preferably 1.5020, more preferably 1.5015, and even more
preferably 1.5010. When being 1.5020 or lower, the heat resistance of the film can be easily improved.
[0120] The refractive index can be brought within the range by adjusting the stretching ratio, stretching temperature,
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and heat setting temperature.

(ΔNy)

[0121] The lower limit of the ΔNy, which is the degree of orientation in the width direction of the biaxially oriented
polypropylene film of the present invention, is preferably 0.0240, more preferably 0.0245, even more preferably 0.0247,
particularly preferably 0.0250, most preferably 0.0255, and particularly most preferably 0.0260. When being 0.0240 or
higher, the film stiffness can be easily improved. The upper limit of the ΔNy, as a realistic value, is preferably 0.0280,
more preferably 0.0277, even more preferably 0.0273, and particularly preferably 0.0270. When being 0.0280 or lower,
thickness unevenness can be easily improved. The ΔNy can be brought within the range by adjusting the stretching
ratio, stretching temperature, and heat setting temperature of the film.
[0122] The ΔNy is calculated by the following equation in which Nx, Ny, and Nz are the refractive indexes in the
longitudinal direction, the width direction, and the thickness direction, respectively, and means the degree of orientation
in the width direction with respect to the entire orientation in the longitudinal direction, the width direction, and the
thickness direction of the film. 

(Plane orientation coefficient)

[0123] The lower limit of the plane orientation coefficient (ΔP) of the biaxially oriented polypropylene film of the present
invention is preferably 0.0135, more preferably 0.0138, and even more preferably 0.0140. When being 0.0135 or higher,
the balance in the surface direction of the film is good, and the thickness unevenness is also good. The upper limit of
the plane orientation coefficient (ΔP), as a realistic value, is preferably 0.0155, more preferably 0.0152, and even more
preferably 0.0150. When being 0.0155 or lower, it is easy for the film to have excellent heat resistance at high temperatures.
The plane orientation coefficient (ΔP) can be brought within the range by adjusting the stretching ratio, stretching tem-
perature, and heat setting temperature.
[0124] The plane orientation coefficient (ΔP) is calculated using the formula [(Nx + Ny)/2] - Nz.

(Average refractive index)

[0125] The lower limit of the average refractive index of the biaxially oriented polypropylene film of the present invention
is preferably 1.5080, more preferably 1.5081, even more preferably 1.5082, particularly preferably 1.5083, and most
preferably 1.5090. The upper limit of the average refractive index, as a realistic value, is preferably 1.5150, more preferably
1.5140, even more preferably 1.5135, and particularly preferably 1.5130. When being 1.5080 or higher, wrinkles are
less likely to be generated when heat sealed. The average refractive index can be brought within the range by adjusting
the stretching ratio, stretching temperature, and heat setting temperature of the film.
[0126] The average refractive index is calculated by the following equation in which Nx, Ny, and Nz are the refractive
indexes in the longitudinal direction, the width direction, and the thickness direction of the film, respectively. 

(Haze)

[0127] The upper limit of the haze of the biaxially oriented polypropylene film of the present invention is preferably
5.0%, more preferably 4.5%, even more preferably 4.0%, particularly preferably 3.5%, and most preferably 3.0%. When
being 5.0% or lower, the film can be easily used for applications that require transparency. The lower limit of the haze,
as a realistic value, is preferably 0.1%, more preferably 0.2%, even more preferably 0.3%, and particularly preferably
0.4%. When being 0.1% or higher, the film can be easily produced. The haze can be brought within the range by adjusting
the cooling roll (CR) temperature, width-direction stretching temperature, preheating temperature before tenter stretching
in the width direction, width-direction stretching temperature, or heat setting temperature, or the amount of the component
having a molecular weight of 100,000 or less in the polypropylene resin, however, may be increased by adding an anti-
blocking agent or providing a seal layer.
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(Half width of diffraction peak derived from oriented crystals)

[0128] In the angular dependency of a scattering peak of the (110) plane of polypropylene α-type crystal obtained by
measurement with wide-angle X-rays incident perpendicularly on the film surface, the upper limit of the half width (Wh)
of a diffraction peak derived from the oriented crystals in the width direction of the biaxially oriented polypropylene film
of the present invention is preferably 21.0°, more preferably 20.5° or smaller, more preferably 20.0° or smaller, particularly
preferably 19.5° or smaller, and most preferably 19.0° or smaller. When the half width (Wh) is 21.0° or smaller, the film
stiffness can be easily improved, and water vapor transmission ratio can be easily decreased. The lower limit of the Wh
is preferably 15°, more preferably 16°, and even more preferably 17°.

(Degree of X-ray orientation)

[0129] The lower limit of the degree of X-ray orientation calculated by the following equation from the Wh of the biaxially
oriented polypropylene film of the present invention is preferably 0.883, more preferably 0.886, even more preferably
0.889. When being 0.892 or higher, the stiffness can be easily improved. 

[0130] The upper limit of the degree of X-ray orientation is preferably 0.917, more preferably 0.911, and even more
preferably 0.906. A degree of X-ray orientation of 0.917 or lower can easily lead to stable film production.

(Water vapor transmission ratio)

[0131] The water vapor transmission ratio of the biaxially oriented polypropylene film of the present invention is pref-
erably 5.0 g/m2•d or less in terms of 20 mm thickness, more preferably 4.6 g/m2•d or less, and even more preferably 4.3
g/m2•d or less. When being 5.0 g/m2•d or less, it is easy to obtain enough water vapor barrier properties even if the film
is made thinner.

(Practical characteristics of film)

[0132] Practical characteristics the biaxially oriented polypropylene film of the present invention has will be described.

(Stiffness and water vapor barrier properties)

[0133] Packaging materials used for packaging foods, beverages, and other products are required to have high barrier
properties for the purpose of maintaining the quality and quantity of the contents, in addition to functions such as stiffness
and heat resistance, in order to protect the contents from various types of distribution, storage including chilled storage,
and processing such as heat sterilization, and the materials are required to be superior in such characteristics even
when it is made thinner.

(Wrinkles during heat sealing)

[0134] To form a bag for packaging food products, a pre-made bag is filled with the contents and heated to melt and
fuse the film, thereby hermetically sealing the bag. In many cases, the same procedure is also performed when making
a bag while filling the bag with food. Usually, a sealant film made of polyethylene, polypropylene, or the like is laminated
on a base film, and the surfaces of the sealant film are fused to each other. As for a heating method, the film is pressed
by applying pressure with a heating plate from the base film side to seal the film, and the sealing width is usually about
10 mm. At this time, the base film is also heated, and the shrinkage at this time causes wrinkles. For the durability of
the bag, it is better to have fewer wrinkles, and in order to increase purchasing motivation, it is also better to have fewer
wrinkles. The sealing temperature may be as high as 120°C, however, a higher sealing temperature is required to
increase the bag-making processing speed, and even then, the shrinkage should be small. When a chuck is fused to
the opening of the bag, sealing at an even higher temperature is required.

(Printing pitch shift)

[0135] As for the structure of a packaging film, as a basic structure, the packaging film is often composed of a laminated
film of a printed base film and a sealant film. For producing a bag, a bag making machine is used, and various bag
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making machines are used for three-sided bags, standing bags, gusset bags, etc. It is considered that a printing pitch
shift occurs because the base film elongates and contracts due to tension and heat being applied to the film during a
printing step. Eliminating defective products due to a printing pitch shift is important in terms of effective use of resources,
and it is also important in order to increase purchasing motivation.

(Film processing)

[0136] The biaxially oriented polypropylene film of the present invention can be printed by letterpress printing, litho-
graphic printing, intaglio printing, stencil printing, or transfer printing, depending on the application.
[0137] Moreover, an unstretched sheet, a uniaxially stretched film, or a biaxially stretched film each made of a low-
density polyethylene, a linear low-density polyethylene, and ethylene-vinyl acetate copolymer, polypropylene, or polyester
can be attached as a sealant film, and the biaxially oriented polypropylene film can be used as a laminated body to
which heat sealability is imparted. Furthermore, in the case of enhancing the gas barrier properties and heat resistance,
an unstretched sheet, a uniaxially stretched film, or a biaxially stretched film each made of aluminum foil, polyvinylidene
chloride, nylon, an ethylene vinyl alcohol copolymer, or polyvinyl alcohol can be provided as an intermediate layer
between the biaxially oriented polypropylene film and the sealant film. An adhesive applied by a dry lamination method
or a hot melt lamination method can be used for attaching the sealant film.
[0138] In order to improve the gas barrier properties, aluminum or an inorganic oxide can be vapor-deposited on the
biaxially oriented polypropylene film, the intermediate layer film, or the sealant film. As the vapor deposition method,
vacuum vapor deposition, sputtering, and ion plating method can be adopted, and silica, alumina, or a mixture thereof
is particularly preferably vacuum-deposited.
[0139] The biaxially oriented polypropylene film of the present invention can be made suitable for packaging fresh
products including plants that require high freshness such as vegetables, fruits, and flowers by, for example, setting the
amount of an antifogging agent, such as fatty acid esters of polyhydric alcohols, amines of higher fatty acids, amide of
higher fatty acids, ethylene oxide adducts of amines and amides of higher fatty acids in the film to be in the range of 0.2
to 5 % by mass.
[0140] Moreover, as long as the effect of the present invention is not impaired, various additives for improving quality
such as slipperiness and antistatic properties, lubricants such as wax and metal soap for improving productivity, a
plasticizer, a processing aid, a heat stabilizer, an antioxidant, an antistatic agent, and ultraviolet absorber, etc., for
example, can be also blended.

(Industrial applicability)

[0141] The biaxially oriented polypropylene film of the present invention can be used preferably for packaging bags
because of its excellent properties not found in conventional films as described above, and the thickness of the film can
be made thinner than before.
[0142] Furthermore, it is also suitable for applications used at high temperatures, such as insulating films for capacitors
and motors, back sheets for solar cells, barrier films for inorganic oxides, and base films for transparent conductive films
such as ITO, and for applications that require stiffness, such as separator films. In addition, coatings, inks, laminating
adhesives, and the like, which have been difficult to use in the past, can be used to coat and print at high temperatures,
which is expected to improve production efficiency.

EXAMPLES

[0143] Hereinafter, the present invention will be described in detail by way of Examples. The characteristics were
measured and evaluated by the following methods.

(1) Melt flow rate

[0144] The melt flow rate (MFR) was measured at a temperature of 230°C with a load of 2.16 kgf in accordance with
JIS K7210.

(2) Mesopentad fraction

[0145] The mesopentad fraction ([mmmm]%) of the polypropylene resin was measured using 13C-NMR. The meso-
pentad fraction was calculated according to the method described in Macromolecules, Vol. 6, P. 925 (1973) by Zambelli
et.al. The 13C-NMR measurement was carried out at 110°C with 200 mg of a sample being dissolved in an 8:2 mixed
solution of o-dichlorobenzene and heavy benzene at 135°C, using AVANCE 500 manufactured by Bruker.
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(3) Number-average molecular weight, weight-average molecular weight, amount of component having molecular weight 
of 100,000 or less, and molecular weight distribution of polypropylene resin

[0146] Using gel permeation chromatography (GPC), the molecular weights were determined as PP-equivalent mo-
lecular weight on the basis of monodisperse polystyrene. When the baseline was not clear, a baseline was determined
in a range to the lowest position of the skirt, on the high molecular weight side, of an elution peak on the high molecular
weight side closest to the elution peak of the standard substance.
[0147] The GPC measurement conditions are as follows:

Equipment: HLC-8321PC/HT (manufactured by Tosoh Corporation),
Detector: RI,
Solvent: 1,2,4-trichlorobenzene + dibutylhydroxy-toluene (0.05%),
Column: TSK gel guard column HHR(30)HT (7.5mmI.D. 3 7.5cm) 3 1 + TSK gel GMHHR-H(20)HT (7.8 mmI.D. 3
30 cm) 3 3,
Flow rate: 1.0 mL/min,
Injection volume: 0.3 mL,
Measurement temperature: 140°C.

[0148] The number-average molecular weight (Mn) and the mass-average molecular weight (Mw) are defined by the
following equations with the number of molecules (N i) of a molecular weight (Mi) at each elution position of a GPC curve
obtained via a molecular weight calibration curve, respectively.

Number-average molecular weight: Mn = Σ(Ni • Mi)/ΣNi
Mass-average molecular weight: Mw = Σ(Ni • Mi

2)/Σ(Ni • Mi)
The molecular weight distribution can be obtained by Mw/Mn.

[0149] The proportion of the component having a molecular weight of 100,000 or less was determined from the integral
curve of the molecular weight distribution obtained by GPC.

(4) Crystallization temperature (Tc) and melting temperature (Tm)

[0150] Heat measurement was performed in a nitrogen atmosphere using Q1000 differential scanning calorimeter
manufactured by TA Instruments. Approximately 5 mg was cut out from polypropylene resin pellets and sealed in an
aluminum pan for measurement. The temperature was raised to 230°C and maintained for 5 minutes, and then lowered
to 30°C at a rate of -10°C/min, and the exothermic peak temperature was determined as the crystallization temperature
(Tc). The heat quantity of crystallization (ΔHc) was determined by setting a baseline such that the area of the exothermic
peak was smoothly connected from the start of the peak to the end of the peak. The temperature was maintained as it
was 30°C for 5 minutes, then raised to 230°C at 10°C/min, and the main endothermic peak temperature was determined
as the melting temperature (Tm).

(5) Film thickness

[0151] The film thickness was measured using Millitron 1202D manufactured by Seiko EM.

(6) Haze

[0152] The haze was measured in accordance with JIS K7105 at 23°C using NDH5000 manufactured by NIPPON
DENSHOKU INDUSTRIES CO., LTD.

(7) Tensile test

[0153] The tensile strength in the longitudinal direction and the width direction of a film was measured at 23°C in
accordance with JIS K7127. A sample having a size of 15 mm 3 200 mm was cur out from the film, and set in a tensile
tester (dual column desktop tester Instron 5965 manufactured by Instron Japan Company Limited) with a chuck width
of 100 mm. A tensile test was performed at a tensile rate of 200 mm/min. From the obtained strain-stress curve, a tensile
elastic modulus was determined from the gradient of a straight line portion at the initial stage of elongation, and stress
upon 5% elongation was determined as F5.
[0154] The tensile breaking strength and tensile elongation at break were defined as the strength and elongation at
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the point at which the sample broke, respectively.

(8) Heat shrinkage ratio

[0155] The heat shrinkage ratio was measured by the following method in accordance with JIS Z1712. A film was cut
into a width of 20 mm and a length of 200 mm in the longitudinal direction and the width direction of the film, respectively,
hung in a hot air oven at 120°C or 150°C and heated for 5 minutes. The length after heating was measured, and the
heat shrinkage ratio was calculated as the ratio of the shrunken length to the original length.

(9) Refractive index, ΔNy, plane orientation coefficient, and average refractive index

[0156] Measurement were performed at a wavelength of 589.3 nm and a temperature of 23°C using an Abbe refrac-
tometer manufactured by ATAGO CO., LTD. The refractive indices along the longitudinal direction and the width direction
of a film were denoted by Nx and Ny, respectively, and the reflactive index in the thickness direction was denoted by
Nz. ΔNy, which is a degree of orientation in the width direction, was calculated by (formula) ΔNy = Ny - [(Nx + Nz)/2]
using Nx, Ny, and Nz. The plane orientation coefficient (ΔP) was calculated using (formula) ΔP = [(Nx + Ny)/2] - Nz. The
average refractive index was calculated using (formula) Average refractive index = (Nx + Ny + Nz)/3.

(10) X-ray half width, and degree of orientation

[0157] Measurement was performed by a transmission method using an X-ray diffractometer (SmartLab αβγ attachment
included, manufactured by Rigaku Corporation). X-rays having a wavelength of 1.5418 Å were used, with an X-ray output
of 45kV, 200mA. As a detector, a hybrid multidimensional pixel detector Hypix-3000 was used in 0-dimensional mode.
As a slit on the incident side by the parallel beam method, a solar slit of 2.5°, a longitudinal limiting slit of 10 mm, and
an incident slit width of 1 mm were used. As a slit on the receiving side, a parallel slit analyzer 0.228° was used. The
camera length was 300 mm, and the detector integration width was 2 mm.
[0158] A sample was prepared by laminating a film such that the thickness was 400 mm. The detector was placed at
the diffraction peak position of the (110) plane of the α-type crystal of polypropylene resin (diffraction angle 20 = 14.1°).
The sample was rotated 360° around the film thickness direction to obtain the angular dependency of the diffraction
intensity of the (110) plane. The step interval was 0.5° and the measurement speed was 60°/min. From the angular
dependency, the half width Wh of the diffraction peak derived from the oriented crystals in the width direction of the film
was obtained.
[0159] In addition, using Wh, the degree of X-ray orientation was calculated from the following equation. 

(11) Water vapor transmission ratio

[0160] The water vapor transmission ratio was measured in accordance with JIS K7129 B method. The water vapor
transmission ratio was measured under a temperature of 40°C and a humidity of 90% RH using a water vapor transmission
ratio measurement device (PERMATRAN-W3/33 manufactured by MOCON). Since the water vapor transmission ratio
is inversely proportional to film thickness, the thickness of each sample to be measured was measured, and the water
vapor transmission ratio was converted to a value at 20 mm.

(Example 1)

[0161] As a polypropylene resin, 80 parts by weight of polypropylene homopolymer PP-1 with MFR 7.5 g/10 min,
[mmmm] = 98.9%, Tc = 116.2°C, and Tm = 162.5°C (SUMITOMO NOBLEN FLX80E4, manufactured by SUMITOMO
CHEMICAL COMPANY) and 20 parts by weight of polypropylene homopolymer PP-2 with MFR = 11 g/10 min, [mmmm]
= 98.8%, Tc = 116.5°C, Tm = 161.5°C (EL80F manufactured by SUMITOMO CHEMICAL COMPANY) were blend and
used.
[0162] The polypropylene resin was extruded into a sheet from a T-die at 250°C, brought into contact with a cooling
roll set at 20°C, and put into a water tank set at 20°C as it was.
[0163] Subsequently, the sheet was stretched 4.5 times in the longitudinal direction with two pairs of rolls at 142°C,
then both ends were gripped with clips, and the sheet was guided into a hot air oven and preheated at 170°C, and then
stretched 10 times in the width direction at 162°C as a first stage. Immediately after the stretching in the width direction,
the film was cooled at 120°C while gripped with clips, and then re-stretched 1.2 times in the width direction at 175°C.
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Finally, the film was cooled at a room temperature. The thickness of the resulting film was 18.6 mm.
[0164] Table 1 shows the structure of the polypropylene resin, and Table 2 shows the film formation conditions. As
shown in Table 3, the physical properties of the obtained film were very excellent in stiffness and the film had a low
thermal shrinkage ratio at high temperatures. The film was also excellent in water vapor transmission ratio.

(Example 2)

[0165] The same procedure as in Example 1 was carried out except re-stretching 1.2 times in the width direction at
165°C. The thickness of the resulting film was 18.4 mm. Table 1 shows the structure of the polypropylene resin, and
Table 2 shows the film forming conditions. As shown in Table 3, the physical properties of the obtained film were very
excellent in stiffness and the film had a low thermal shrinkage at high temperatures. The film was also excellent in water
vapor transmission ratio.

(Example 3)

[0166] The same procedure as in Example 1 was carried out except stretching in the longitudinal direction at 147°C,
stretching 10 times in the width direction at 165°C as the first stage, cooling at 120°C while gripped with clips immediately
after the width direction, and then re-stretching 1.2 times in the width direction at 177°C. The thickness of the resulting
film was 18.9 mm. Table 1 shows the structure of the polypropylene resin, and Table 2 shows the film forming conditions.
As shown in Table 3, the film had a high stiffness and low thermal shrinkage ratio at high temperatures. In addition, the
film was excellent in water vapor transmission ratio.

(Example 4)

[0167] The same procedure as in Example 3 was carried out except re-stretching 1.1 times in the width direction at
177°C. The thickness of the resulting film was 20.6 mm. Table 1 shows the structure of the polypropylene resin, and
Table 2 shows the film forming conditions. As shown in Table 3, the film had a high stiffness and low thermal shrinkage
ratio at high temperatures. In addition, the film was excellent in water vapor transmission ratio.

(Comparative example 1)

[0168] The same procedure as in Example 1 was carried out except stretching 12 times in the width direction at 162°C
as the first stage, cooling at 100°C while gripped with clips immediately after the stretching in the width direction, and
then heat setting at 170°C with constant width. The thickness of the resulting film was 20.8 mm.
[0169] Table 1 shows the structure of the polypropylene resin, and Table 2 shows the film forming conditions. As
shown in Table 3, the physical properties of the obtained film were excellent in water vapor transmission ratio and high
in stiffness, however, inferior in heat shrinkage ratio.

(Comparative example 2)

[0170] The same procedure as in Example 1 was carried out except stretching 12 times in the width direction at 162°C
as the first stage, not cooling while gripped with clips immediately after the stretching in the width direction, and heat
setting at 172°C with constant width. The thickness of the resulting film was 23.1 mm.
[0171] Table 1 shows the structure of the polypropylene resin, and Table 2 shows the film forming conditions. As
shown in Table 3, the physical properties of the obtained film were inferior in stiffness, and also inferior in water vapor
transmission ratio.

(Comparative example 3)

[0172] The same procedure as in Example 1 was carried out except stretching 12 times in the width direction at 168°C
as the first stage, cooling at 100°C while gripped with clips immediately after the stretching in the width direction, and
heat setting at 170°C with constant width. The thickness of the resulting film was 18.7 mm.
[0173] Table 1 shows the structure of the polypropylene resin, and Table 2 shows the film forming conditions. As
shown in Table 3, the physical properties of the obtained film were inferior in stiffness and high in heat shrinkage ratio
at high temperatures, and also inferior in water vapor transmission ratio.
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(Comparative example 4)

[0174] As a polypropylene resin, PP-3(FL203D manufactured by Japan Polypropylene Corporation) with MFR = 3
g/10 min, [mmmm] = 94.8%, Tc = 117.2°C, and Tm = 160.6°C was used. The polypropylene resin was extruded into a
sheet from a T-die at 250°C, brought into contact with a cooling roll set at 20°C, and put into a water tank set at 20°C
as it was. Subsequently, the sheet was stretched 4.5 times in the longitudinal direction at 130°C, and, with preheating
temperature of 168°C, was stretched 8.2 times in the width direction at a tenter at 155°C as the first stage. Immediately
after the stretching in the width direction, the film was cooled at 120°C while gripped with clips, and then re-stretched
1.2 times in the width direction at 170°C. Finally, the film was cooled at a room temperature. The thickness of the resulting
film was 18.8 mm.
[0175] Table 1 shows the structure of the polypropylene resin, and Table 2 shows the film forming conditions. As
shown in Table 3, the physical properties of the obtained film were inferior in stiffness and high in heat shrinkage ratio
at high temperatures, and also inferior in water vapor transmission ratio.

[Table 1]

PP-1 PP-2 PP-3

Copolymerization amount of components other than propylene (% by mole) 0 0 0

MFR (g/10 min) 7.5 11 3

[mmmm](%) 98.9 98.8 94.8

Tc (°C) 116.2 116.5 117.2

Tm (°C) 162.5 161.5 160.6

ΔHc (J/g) 104.8 107.8 94.9

Amount of component having molecular weight of 10,000 or less (% by mass) 4.0 6.9 3.0

Amount of component having molecular weight of 100,000 or less (% by mass) 40.5 53.1 37.1
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Claims

1. A biaxially oriented polypropylene film, satisfying the following (1), (2), and (3):

(1) a heat shrinkage ratio at 150°C in a longitudinal direction is 10% or lower, and a heat shrinkage ratio at
150°C in a width direction is 30% or lower;
(2) a tensile elastic modulus at 23°C in the width direction is 6.0 GPa or more; and
(3) the heat shrinkage ratio (%) at 150°C in the width direction and the tensile elastic modulus (GPa) at 23°C
in the width direction satisfy the following formula. 

2. The biaxially oriented polypropylene film according to claim 1, further satisfying the following (4) and (5):

(4) a shrinkage ratio at 120°C in the longitudinal direction is 2.0% or lower, and a heat shrinkage ratio at 120°C
in the width direction is 10.0% or lower; and
(5) the shrinkage ratio (%) at 120°C in the width direction and the tensile elastic modulus (GPa) at 23°C in the
width direction satisfy the following formula. 

3. The biaxially oriented polypropylene film according to claim 1 or 2, wherein the biaxially oriented polypropylene film
has a refractive index Ny in the width direction of 1.5250 or higher and ΔNy of 0.0240 or higher.

4. The biaxially oriented polypropylene film according to any one of claims 1 to 3, wherein a half width of a peak derived
from an oriented crystal in a width direction in angular dependency of a (110) plane of polypropylene α type crystal
obtained by wide-angle X-ray diffraction measurement is 21° or smaller.

5. The biaxially oriented polypropylene film according to any one of claims 1 to 4, wherein the biaxially oriented
polypropylene film has a haze of 5.0% or lower.

6. The biaxially oriented polypropylene film according to any one of claims 1 to 5, wherein a polypropylene resin
constituting the biaxially oriented polypropylene film has a mesopentad fraction of 97.0% or higher.

7. The biaxially oriented polypropylene film according to any one of claims 1 to 6, wherein a polypropylene resin
constituting the biaxially oriented polypropylene film has a crystallization temperature of 105°C or higher and a
melting point of 160°C or higher.

8. The biaxially oriented polypropylene film according to any one of claims 1 to 7, wherein a polypropylene resin
constituting the biaxially oriented polypropylene film has a melt flow rate of 4.0 g/10 min or higher.

9. The biaxially oriented polypropylene film according to any one of claims 1 to 8, wherein an amount of a component
having a molecular weight of 100,000 or less in a polypropylene resin constituting the biaxially oriented polypropylene
film is 35% by mass or more.
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